for growth on a partially synthetic medium containing lactate as the main energy source (Kline and Barker, 1950) . The BR factor is replaceable by lipoic acid in the nutrition of B. rettgeri (Kline et al., 1952) , and the known chemical properties of the two materials are very similar. Therefore, it is probable that the BR factor is identical with lipoic acid and some of its derivatives.
Since lipoic acid has been shown to be a cofactor in the oxidation of pyruvate by some bacteria (Gunsalus, 1953) , it appeared worthwhile to report some experiments on the role of the BR factor in the metabolism of B. rettgeri. These experiments indicate that in this organism the BR factor, and presumably lipoic acid, are not required for the decomposition of pyruvate or glucose but are essential for the decomposition of lactate.
MATERIALS AND METHODS
The media and cultural methods used in this investigation have been described by Kline and Barker (1950) . The chemical methods have been described by Pine and Barker (1954) . Lactate-1-C04 was prepared biologically by the use of B. rettgeri; 89.5% of the C14 was in the 1 position, and the remainder was almost equally divided between the 2 and 3 positions.
In growth studies, and in the preparation of cell suspensions, B. rettgeri was grown anaerobically in the semisynthetic medium of Kline and Barker (1950) , with lactate, glucose, or pyruvate as the energy source. Unless otherwise indicated, the carbohydrate was used at a level of 0.5%. The BR factor, where used, was supplied either as a standard yeast extract (Difco) preparation containing 1 unit of activity in 1.2 mg (dry weight), or as a purified concentrate (no. 7) containing 1 unit in 2 pg. For cell preparations, KLINE, PINE, AND BARKER pended in a volume of buffer equal to 2% of the original culture volume.
Manometric studies were carried out in Warburg vessels containing 2.2 ml of final reaction mixture buffered with phosphate at pH 7.0 to 7.2. Cell nitrogen per vessel varied from 1.6 mg to 3.4 mg according to the study.
Both growth and manometric studies were at 37 C, and unless otherwise indicated were carried out anaerobically under N2 .
RESULTS Growth on glucose. In preliminary experiments, the ability of B. rettgeri to grow in the absence of added BR factor in a semisynthetic medium (Kline and Barker, 1950) with glucose as an energy source was tested by transferring from a lactate-BR factor medium into a glucose medium devoid of the factor. The growth was relatively slow during the first 24 hr but was heavy after 48 hr. Repeated transfers every 2 or 3 days were made on this medium to minimize any effect caused by carry-over of BR factor in the initial transfer, and 15 subcultures developed with undiminished vigor. Thus, it is clear that the factor is not required for growth on glucose.
During the subculturing on a glucose medium, a striking change in growth rate occurred between the fifth and eighth transfers. The growth rate on pyruvate is essentially independent of the presence of BR factor, although the yield of cells is slightly greater in the presence of the factor (Fig. 3) . Growth on pyruvate is not the result of the carry-over of traces of the factor from the lactate inoculum, since it has been shown to persist without noticeable change through 15 subcultures on a pyruvate medium devoid of BR factor. Growth also occurs readily when a pyruvate medium is inoculated with glucose-adapted cells which have been grown without BR factor for 12 subcultures.
Products of pyruvate fermentation. The influence of BR factor on the products of pyruvate fermentation with different types of inocula was determined by analyzing the media at the termination of the growth experiment described in Fig. 3 . The data in Table 2 show that, just as in a glucose fermentation, the B3R factor has no conspicuous effect on the products of pyruvate decomposition. However, it may be noted that with a lactateadapted inoculum (strain L) but not with a glucose-adapted inoculum (strain G2) a little lactate accumulates in the absence of the factor. Also, with both types of inocula, the carbon recovery and the yield of volatile acids are a little higher with than without the factor. A pyruvate-adapted inoculum gave essentially the same results as a lactate-adapted inoculum.
The results show that the major biochemical processes involved in pyruvate breakdown, Test of BR factor synthesis during growth on glucose. Since the BR factor is required for growth on lactate but not for growth on glucose or pyruvate, it is of interest to determine whether the factor is synthesized in a glucose medium. For this purpose, 5-ml portions of a 24-hr tenth subculture on a glucose medium without the factor and of a 48-hr lactate broth culture containing 0.05% yeast extract were adjusted to pH 0.5 or pH 6 and autoclaved at 120 C for 1 hr. At pH 0.5, but not at pH 6, complex forms of the BR factor are broken down under these conditions to the form utilized by B. rettgeri as a growth factor in a lactate medium. After autoclaving, the suspended material was removed by centrifugation, and 1-ml samples of the supernatant solutions were neutralized to pH 7 and assayed for BR factor activity (Kline and Barker, 1950 Figure 5 shows data on gas production from pyruvate, glucose, and lactate under anaerobic conditions. Gas formation is calculated as carbon dioxide, since no alkali-insoluble gas is formed by lactate-adapted cells under these conditions. The figure illustrates (curves 3 to 8) the influence of acetate and pyruvate or glucose on the decomposition of lactate. The results are typical except with respect to the response to pyruvate (curve 5) which, contrary to the usual experience, was less effective than glucose (curve 3) in sparking lactate decomposition. This may be a concentration effect since the same molar quantity (2 Mm) of glucose and pyruvate was used, and 1 mole of glucose (2 C3 units) is roughly equivalent to 2 moles of pyruvate.
Pyruvate, glucose, and lactate (under suitable conditions) are decomposed readily by the lactate-grown cells. The rate with pyruvate (curve 1) is about twice that with glucose (curve 2). Thus, approximately 35 min were required for 50%7 decomposition of 20 ,umoles of pyruvate, whereas more than 70 min were required with 10 ,umoles of glucose. The initial rate of lactate decomposition, in the presence of acetate and a little glucose, appears to be about the same as when glucose alone is added as a supplement.
The relative rates of aerobic oxidation of lactate, pyruvate, and glucose by lactate-adapted cells were determined in separate experiments that will not be described in detail. The rates of oxygen uptake with pyruvate and glucose were nearly the same. With lactate, the initial rate was about twice as great as with pyruvate, but, after about half the total oxygen was consumed, the rate declined to that observed with pyruvate, suggesting that the latter compound had aceumulated.
The above experiments establish that cell suspensions of lactate-adapted cells can decompose glucose, pyruvate, and lactate under both aerobic and anaerobic conditions. Figure   FIG . 7. Anaerobic pyruvate, glucose, and lactate 6 shows that lactate (curves 1 and 2) is not decomposition by cells grown with glucose plus BR oxidized by glucose-adapted cells at an apprecia-factor. In growing the bacteria, BR factor was proble rate, and addition of BR factor does not vided as 0.05% yeast extract. The conditions of the affect lactate oxidation. The aerobic decomposi-manometric experiments were similar to those detion of pyruvate by these cells is relatively slow scribed in Fig. 5 . Cells containing 3.4 mg of nitrogen and is not accelerated by the addition of BR were used per vessel. The BR factor addition was 100 ug of a concentrate with 1 unit of activity per 2 factor during a period of 80 min (curves 3 and 4). jg(r egt;()1 A lcs;()2 A. yu Glucose is oxidized rapidly at first (curve 5) and 'g (dry weight) 1 m glucose; ( 0 Am pyruvate; (3) 20 MM lactate, 2 MMglucose, 10 MM acetate, the rate later declines to that observed with and BR factor; (4) 20 MM lactate, 2 Am pyruvate, and pyruvate, suggesting that pyruvate accumulates. 10 Mm acetate; (5) like 4, plus BR factor; (6) 20 Added BR factor has no effect on the initial uM lactate and 10 IA acetate; (7) like 6, plus BR rate of glucose oxidation (curve 6), but appears factor. VOL. 85,7 1963 even in the presence of pyruvate or glucose plus acetate and BR factor (curves 3, 4, and 5). The obvious conclusion is that growth on a glucose medium containing the factor does not cause formation of the lactate-degrading system. Both lactate and the factor, and possibly the absence of glucose, are necessary for formation of this system. (Kline and Barker, 1950) . When B. rettgeri is first transferred from a lactate medium to a glucose medium, growth occurs in the absence of BR factor but is markedly stimulated by addition of the factor. This indicates that glucose decomposition in such cells, in contrast to cells which have been grown for many transfers on glucose, is influenced by the factor. The site of action of the factor is not known. The appearance of measurable amounts of lactate in such cultures, to which no BR factor was added, at first suggested that glucose decomposition proceeds in part through lactate. If the utilization of the lactate then becomes limiting for growth, the function of the factor would be identical to that discussed for growth on lactate. However, there are some important objections to this hypothesis. One objection is that cell suspensions from glucose cultures, either with or without BR factor, do not decompose lactate, even when supplied with glucose or pyruvate supplements, which they readily degrade. Furthermore, cells growing in a medium containing both glucose and lactate, but devoid of the factor, utilize only the glucose, thereby providing additional evidence for the absence of a lactate-degrading system in such cells. It thus appears unlikely that the stimulatory effect of the BR factor on the growth of nonglucose-adapted cells on glucose is the result of the development of a lactate-degrading system in these cells.
DISCUSSION
A more plausible hypothesis is that the factor, or a derivative of it, may serve as a cofactor for the synthesis or activity of more than one enzyme. Thus, it may be involved both in the conversion of lactate to pyruvate and in a step in the conversion of glucose to pyruvate. The second function must be part of an alternative pathway of glucose breakdown, since the factor is stimulatory but not essential for cells that ferment glucose slowly, and is without appreciable effect on cells that ferment glucose rapidly.
The formation of lactate from glucose by cells growing in the absence of BR factor presents a problem. Since such cells are unable to decompose lactate at an appreciable rate, and since
